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ABSTRACT 
In the norm al human epidermis, glycogen synthetase is sedimented wit h glycogen as is 
the glycogen synthetase D phosphatase which converts the D to the I fo rm. Glycogen syn-
thetase I kinase is not associated with glycogen. Phosphorylase is associated (sedimentable) 
with glycogen to a lesser extent and exi sts ma inly in the b form . Phosphorylase b kinase is 
present in the normal human epidermis and it is not assoc iated wi th glycogen under our 
experimenta l condi t ions. 
A close association of glycoge n synthetase (E C 
2.4 .1.11) wi th t he glycogen molecule has been 
reported by Leloir (1) and Luck (2) in the rat 
liver. 
W e re ported previously the presence of both 
t h e I fo rm and the D form of glycogen synthetase 
in human epidermis. The percentage of the I form 
(G lc-6-P independen t fo rm) was inversely rela ted 
to t he tissue glycogen concent ration (3). In addi -
tion , glycogen was inhibi tory to the conversion 
from the D-form to the I-form, a reaction presum -
ably mediated by a s pecific phospha tase (4). Gly-
cogen synthetase I kinase which converts the I-
fo rm to the D-form was also demonstrable and 
human epidermal kinase was not inhibited by 
glycogen in physiological concentrations (4) . 
Phosphorylase (EC 2.4. 1.1) which breaks gly-
cogen down to glucose-1-phosphate is another key 
enzyme in glycogen metabolis m. A high phospho-
ryla se specific ac tivi ty in the glycogen fraction 
has been reported in the rat liver (1) . In the 
normal human epidermis phosphorylase occurs 
mainly as a phosphorylase b (AMP dependent 
form) (5). The conversion from phosphorylase b to 
ph os phorylase a (AMP ind ependent form) by 
ph osphorylase b kinase can be demonstrated in 
crude homogenate from normal human epidermis 
in t h e presen ce of ATP and Mg (5). 
We questioned whether these enzymes of gly-
cogen metaboli sm occurred as a complex s ingle 
pac kage in associ ation with glycogen in the 
normal human epid ermis. The presen t communi -
cation will report t he results of studies designed 
to answer this question. 
MATERIALS AND METHODS 
Materials. C " UDP Glucose (227 mC/mm ole, 0.025 
rng/0 .5 ml 70% ethan ol) was obta ined from New Eng-
land N uclea r, Boston, Mass. a nd was dilu ted to 1: 10 
with redistilled wate r. Glycogen (shell -fi sh) , sodium glu -
cose-6- phosphate (Gic-6-P), sodium uridine diphospho-
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glucose ( UDPG) , adenosine-3 , 5- monophosphoric ac id 
(Cyclic AMP) and theophylline were purchased from 
Sigma Co., St. Louis, Mo. T he glycogen and Glc-6-P 
were prepa red as desc ribed previously (6). The cyclic 
AMP and theophylline were dissolved in redistilled 
wa ter to ma ke 6.6 mM and 0.1 M solu t ions respectively. 
Adenosine-5- monophosphate (AMP), sodium adenosine-
5-t riph osphate (ATP), sodium ni cotina mide-adenin e 
dinucleotide phosphate (NADP), phosphoglucomu tase, 
rabbi t skeleta l muscle (approx. 18 I. U. / ml) a nd glucose-
6- phosphate dehydrogenase from yeast (200 I.U./ml) 
were obtained from Calbiochem, San Diego, California. 
AMP a nd ATP were dissolved in 50 mM Tris HCl, pH 
7.8 buffer to ma ke 0.1 M solu t ions and their pH's were 
adjusted to 7.0. NADP was dissolved in redistilled water 
to ma ke a 10 mM solu t ion. P hosphoglucomu tase a nd glu-
cose-6-phosphate dehyd rogenase were used as received. 
a -glucosidase which conta ins a s ma ll a mount of amylase 
was a kind gift from Dr. F. Huijing, and a 50 pg/ ml 
solu t ion was made in 0.1 M aceta te, pH 4.8 buffer. 
Prepara tion of epidermal homogenates. Human epi-
derma l strips weighing a pproximately 150 mg were ob-
ta ined as described previously (6) . The slices were im -
mediate ly frozen with dry ice a nd 7% homogenates were 
made wi th a prechilled glass homogenizer in the cold in 
50 mM Tris HCl, pH 7.2 buffer containing 5 mM 
EDTA. 
Fractional centrifugation of the homogenates. The 
fractionations were carried out in a refri gerated Interna -
t ional Cent rifuge (temperature cont rolled a t 4 o C) . 
The 7% homogenates usually about 2 ml were cent ri -
fu ged a t 700 x g for 20 minutes. The precipitates were 
resuspended in 500 pl of 50 mM Tris H Cl, pH 7.2 buffer 
conta ining 5 mM EDTA and were stored in the cold for 
the subseq uent experiments. Aliquots were removed 
from the supernatants for assaying and t he rema inders 
of the supernatants were cent ri fuged at 15,000 x g or at 
50,000 x g for 60 minutes. The supernatants obta ined 
were removed carefully by micropipet tes a nd the precip-
ita tes were resuspended in 400 to 500 ~tl of the 50 mM 
Tris HCl, pH 7.2 buffer conta ining 5 mM EDTA. These 
fractions were used for further experimenta l procedures. 
For t he glycogen rewash ex peri men t, the resuspended 
50,000 x g pellets were recent rifuged a t 50,000 x g for 
60 minutes, the supernatants were carefully removed 
a nd the precipitates were resuspended in 250 pl of the 
50 mM Tris H Cl, pH 7.2 buffe r conta ining 5 mM 
EDTA. 
Assay procedures for glycogen synthetase and phos-
phorylase activit ies. The total glycogen synthetase (1-
form a nd D-form) a nd the I-form activi t ies were assayed 
as described previously (6). 
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Phosphorylase act ivit ies were assayed in a final reac-
t ion mixture consisting of 445 Ill of 50 mM Tris HCl, 
pH 6.8 buffer conta ining 5 mM EDTA, 5 Ill of 0.3 M 
MgCl ,, 5 Ill of 10 mM NADP, 20 Ill of 100 mg/ml glyco-
gen, 5 ~"1 of 1.0 M NaH ,PO, , 5 Ill of0.1 M AMP, 2 . 5 ~"1 
of glucose-6- phosphate dehydrogenase (200 I.U./ml) , 2.5 
Il l of phosphoglucomutase (18 l.U./ml) a nd 10 Ill of the 
enzyme preparation. T he final volume was 500 Ill. The 
phosphorylase act ivit ies in the absence of AMP were 
measured using 450 Ill of buffer to adjust the tota l 
volume. T he activ it ies were measured by the fo rmation 
of glucose- 1-phosphate from the glycogen, which was 
converted to glucose-6-phosphate and then to 6-phos-
phogluconate by the series of reactions of phosphoglu-
comutase and glucose-6-phosphate dehyd rogenase. The 
reduced form of NADP (NADPH,) formed by the final 
glucose-6-phosphate dehydrogenase reaction was read 
!luorometrically in a Turner fluoromete r. #7-60 filter 
(350 mil) was used as a primary fil ter and the combina-
t ion of #48 a nd fi2-A fil ters (450 mil) were used for sec-
onda ry fil ters. The a mounts of fluorescence prod uced by 
the NADPH , are direct ly proportional to the velocit ies 
of the phosphorylase reaction. The chamber of the 
Turner !luorometer was temperature controlled at 30° 
c. 
The m easurements of glycogen and protein. The gly-
cogen was measured by a method described by Huijing 
(7) . T he prin ciple of the method is the complete degra-
dat ion of glycogen to glucose by the a-g lucosidase from 
A. niger conta ining sma ll amounts of a-amylase as an 
endo-enzy me. The glucose formed in the above reac-
tions was assayed enzy matica lly by the hexokinase and 
glucose -6-ph osphate dehydroge nase reaction s. The 
NADPH 2 formed by the reactions was read tluorometri -
cally in a Turner !luorometer using the filters as de-
scribed in the case of phosphorylase act iviti es. 
The protein was assayed accordin g to Lowry et al (8). 
The interconversion between the two forms of gly-
cogen synthetase in the various fractions. Al iquots from 
each fraction were incubated with 28 mM mercapto-
etha nol for 90 min utes at 30° C to conve rt the D-form to 
the 1-form (4). At this point, 2.5 mM ATP, 10 mM 
M gC I2 and 0.33 mM cyc li c AMP were added to each 
incubat ion mix ture to effect the conversion from the 1-
form to the D-form and the incubations were then ex-
tended for a nother 30 minutes at 30° C. At the begin -
ning and the end of each incubation period, glycogen 
synthetase ac tivities were measured in the presence of 
10 mM Glc-6-P (for the total activities) a nd in the ab-
sence of the Glc-6-P (for the ! -form ac t ivities) as de-
scribed previously (6). 0.1 M NaF was added to each 
assay tube to eli minate the glycogen synthetase D phos-
phatase react ion during the assay procedure. 
The conversion of phosphorylase b to the phospho-
rylase a in the 50,000 x g superna.tant. Phosphorylase 
from the normal human epidermis seems to occur 
mainly as a phosphorylase b. After the trea tment of the 
homogenates with act ivated charcoal (to remove endog-
enous AMP) , no appreciable phosphorylase activity was 
noted in the abse nce of additiona r AMP (5). 
To approximately 1.5 ml of t he 700 x g supernatant, 
50 mg of activated charcoal was added, thoroughly 
mixed a nd was kept at 4° C for 30 minu tes to absorb 
the endogenous AMP present in the supernatant a nd 
was cent rifuged at 700 x g for 10 minutes in a refri ger-
ated In te rnat iona l Centrifu ge. T he supernata nt ob-
tained by this cen t rifugat ion was subjected to the con-
version study. Although the 50,000 x g pellet in homog-
enates which are not t reated wi th charcoal conta ins 
a pprec iable phosphorylase activity, this activity is 
not present in the pellet obtained after charcoal treat-
ment. The supernatant, although conta inin g less ac-
tiv ity in the charcoal t rea ted tha n in the non-charcoal 
t rea ted still contained a pprec ia bl e activi ty. M erca pto-
etha nol was added to ma ke a 28 mM concentration to 
protect the phosphorylase activities during the incuba-
tion period at 30° C. 
ATP and M g were added to the 50,000 x g superna-
tant conta ining 28 mM mercaptoethanol to ma ke final 
concentrations of 2.5 mM and 10 mM respectively. The 
superna tants containing 0.33 mM cyclic AMP and 2.5 
mM ATP and 10 mM Mg was also prepared . To elimi-
nate the possible formation of AMP from cyclic AMP 
by a phosphodiesterase reaction, 10 mM t heophyll ine 
containing cont rol was a lso prepared. 
The test mixtures were incubated a t 30° C and the 
phosphorylase activities were measured in the presence 
a nd absence of additional AMP at 0 t ime a nd every 60 
minutes incubation t ime up to 3 hours. 
RESULTS AND DISCUSSION 
1. The glycogen concentrations in the various 
fra ctions 
Ini t ia l experiments revealed that glycogen syn-
thetase was not sed imentable at 15,000 x g for 
one hour (Fig. 1) . Subsequent experiments then 
were done using a 700 x g run followed by a 
50,000 x g centrifugation for one hour. 
As is shown in Table I, 84% of the tota l gly-
cogen was recovered in the 700 x g supernatant. 
The amounts of glycogen in the 50,000 x g pre-
cip itate was 62% of the ini t ia l glycogen concen-
tration in t he 7% homogenate. 
2. The glycogen synthetase activities m the var-
ious fra ctions 
The s pecific activit ies of t he glycogen synthe-
tase exp ressed as nmoles of UDPG incorporated 
into glycogen per minute per mg of protein in 
each fraction are shown in Table I. The s pecific 
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Specifi c Activity of Glycogen Synthetase Activity 
in Variou s Ce ll Fractions 
W. H. s-I p -I 
W. H. --- whole homogenate 
S - I --- 700g supern atant 
P - I --- 700g precipitate 
S- 2 --- 15, OOOg supern atant 
P- 2 --- 15, OOOg precipitate 
0. 02 
S-2 P-2 
FIG. 1. The specific activi ty of the enzyme in the di f-
ferent cell fractions. E nzy mes a re assayed as described 
in the text in the presence of 10 mM Glc-6-P, 4.7 mM 
UDPG , 4.6 mM EDTA, 0.9% glycogen a nd 20 Ill of en-
zyme preparat ion . Activiti es are expressed as nmoles of 
UDPG incorporated per minute per mg of protein at 
30° c. 
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activ ities of the total synthetase and the I-form 
are t he highest in the 50,000 x g prec ipitate. 44.2 
nmoles per min pe r mg of prote in obtained fo r 
the tota l synthetase activity in the 50,000 x g 
pellet is 36 t imes higher as compared to 1.2 
nmoles in the ini tial 7% crude homogenate. T he 
specific activities of the I-form increased from 0.1 
n m oles in the ini t ial crude homogenate to 2.0 
nmoles (approximately 20 t imes) in the 50,000 x 
g p r ec ipitate. It should be noted that some I fo rm 
activity is lost during the procedu re and that the 
50,000 x g supernatant contains apprec iab le ac-
tivity a lt hough its s pec ific activity is the same as 
the starting materi a l. 
3. T he phosphorylase activities in the various 
fractio ns 
T h e resul ts are shown in Table II. Although the 
specific activit ies of phosphory lase were highest 
in t h e glycoge n fraction (7.7 in the ori gina l 7% 
homogenate, 61.8 in the 50,000 x g pellet) t he 
enzyme act ivity was only concent rated by a 
factor less than 10. In addi tion unli ke the syn the-
tase onl y 25% was recovered in the 50,000 x g 
pe llet. Attem pts to rewash the glycogen pellet to 
see if more phosphorylase could be removed led 
to a lmost complete loss of the phosphorylase ac-
tivity (T able III) whereas syn thetase was still 
demonstrable. P hosphorylase seems to be less 
strongly associated with glycogen tha n t he syn-
thetase. T his fin d ing was in agree men t wi th that 
reported by Leloir et al. (1). 
T he crude e pidermal homogenate treated wi th 
activated cha rcoa l ha rd ly showed any phospho-
rylase activity in the absence of additiona l AMP 
(Table IV) and it is li kely that the phosphorylase 
TABLE I 
T he tota l glycogen synthetase and the 1-form activ i-
ties were measured as described previously (6). The spe-
c ific activit ies a re expressed as nmoles of UDPG incor-
porated per minute per mg of prote in at 30° C. T he gly-
cogen was measu red by t he method described by 
Huijing (8) a nd is expressed as 11g in each fract ion . Pro-
tein was measured accord ing to Lowry et al. (9) a nd is 
expressed as mg in each fraction. All fract ionation pro-
cedures were ca rr ied out in a refri ge rated In te rnat iona l 
Centrifuge te mperatu re cont rolled at 4 o C. Skin slices 
used for t his experiment were 180 mg. 
GLYCOGEN SYNTHOASE and GLYCOGEN in the VARIOUS CELL f RACTIONS 
Whole 700g 700g 50. CXXl 9 50.000 g 
homogenate pr ecipitate supernatant Jlrecipitate supernata nt 
glycogen total 11. 6 0. 7 11.1 8.8 5.7 
syntheta se 
fnm/min l ! -form 1. 4 0.1 1.1 0. 4 0. 5 
glycogen -- c--
synthetase total 1.1 0. I 4.1 44.1 1. 9 
I specif ic ! -form 0.1 0.01 0. 4 1. 0 0.1 acti vity 1 
glycogen total 6 lOS 76 49 
synthetase 
IS recovery! I -form 14 !6 19 36 
glycogen f JJ9 t 111 18 94 69 15 
glycogen 16 84 61 11 
t" recovervl 
protein 1 mg 1 9. 5 7.4 J.O 0. z J.O 
TABLE II 
T he phosphorylase activities were measured as de-
scribed in t he text in the presence a nd absence of 10 
mM AMP. T he specific activ it ies are expressed as 
nmole of glucose-1-phosphate fo rmed from glycogen per 
minu te per mg of protein at 30° C. The glycogen was 
measured a nd was expressed as in the case of Table I. 
Skin slices used fo r this study were 190 mg. 
Ph osphorylase and glycogen in the va ri ous ce ll frac tions 
(§ ~ ~~ c,~~~ ~~ #~   ~c  lc~V ~ ~<l.<l. ~~%·~;:{;· ,l 
phosphory lase cAMP 72.2 7. 0 67. 8 17. 9 52. 2 
lnm/min l s AMP 24. 7 l.O 21. 6 4. 7 9. 2 
phosphory lase cAMP 7. 7 1. 9 24. 2 61.8 21.8 
!specifi c act ivity! s AMP 2. 6 0. 3 7. 7 16.2 3.8 
phosphorylase c AMP 9. 7 94 25 72 
I% recovery! s AMP 4. 0 87 19 37 
glycogen l ,ug. 1 133.4 10. 8 11 0. 9 67. 9 44. I 
glycogen I% recov. I 8 83 51 33 
TABLE Ill 
T he 50,000 x g pellet, resuspended in 250 11 l of 50 
mM T ris HCl, pH 7.2 buffer conta ining 5 mM EDTA, 
was cent rifuged at 50,000 X g fo r 60 minutes in the 
cold . T he pell et obtained by th is centr ifuga t ion was re-
suspended in the 250 11l of the same buffer. The gly-
cogen synthetase, phosphorylase, glycogen were assayed 
in the pellet and in the supernatant as described in the 
text. 
REWAS H of 50, 000 X g PELLET 
pre-washing post -washing precijlitate supernatant 
glycogen total 4. 2 2. 9 0. 6 
syn thetase l -form 0. 8 0. 4 0. 01 I nmoles/minl 
phosphory lase cAMP 18.0 1.5 1. 8 
I nmoles/minl sAMP 4. 7 0. 2 0. 2 
glycogen I pg I 67. 9 28. 4 12.0 
-
-
TABLE IV 
To the l.O ml of supernatant, 50 mg of activated 
charcoa l was added and was incubated for 30 minutes at 
4 ° C. After the 30 minutes incubation , the supernatant 
was centrifuged at 700 x g for 10 minutes in the cold 
and th is supernatan t was used as a post treatment su-
pernata nt. T he phosphory lase activities were assayed as 
desc ri bed in the text and are expressed as nm per min 
per mg fresh t issue weight. 
Effect of activated charcoa l 
on phosphoryla se activiti es 
Pre -treatm ent Post -treatm ent 
with 10 mM AMP o_ 37 o_ 23 
without AMP 0_13 ( 0. 005 
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in the normal human epidermis occurs primarily 
as a phosphorylase b. Therefore the phosphorylase 
activities measured without additional AMP in 
non-charcoal treated specimens could be ac-
counted for as being due to the intracellular AMP 
(not true phosphorylase a activity). It however is 
possible that a trace of phosphorylase a was selec-
tively absorbed by activated charcoal. 
4. The interconversion of the glycogen synthetase 
in the various fractions 
The interconversion between the glycogen syn-
thetase l -form and the D-form can be demon-
strated in the 700 x g supernatant from the 
normal human epidermis (4). Conversion from the 
D-form to the I-form presumably is mediated by 
a specific phosphatase which is inhibited by gly-
cogen whi le the transformation from the I-form to 
the D-form is a kinase reaction requiring ATP 
and Mg and it is not inhibited by glycogen (4). 
The kinase is presumably the same kinase that 
participates in the phosphory lase (phosphorylase 
b kinase kinase) (9) and in the lipase (10, 11) sys-
tems. 
We investigated in which fractions these en-
zymes are localized. The results are shown in 
Figure 2. The various fractions were incubated in 
the presence of 28 mM mercaptoethanol at 30° C 
for 90 minutes. This is designated as the pre-in-
cubation period in Figure 2. Total activities of 
glycogen synthetase in the various fractions as 
shown by the lines connected by the solid circles 
did not change appreciably. The I form activities 
in each portion are shown by the open circles and 
except for the 50,000 x g supernatant the per 
cpm . 
11:00-
l<Vll-
1200 -
The interconvers ions between the I and D form s of Glycogen Synthetase 
In the various fractions 
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50.000 x 9 supernatant ---- """"""""" OPEN PO INT-"- I - Form 
700 x 9 supernatant ----------~ 
•·· ············ 
------------::----~~ 
----
.... · 
1~ - ~~D 
800 - -----?'"".:::.,-::,::::-:, ~-
,, 
6(X)- . .,..,.., 
<VXl - ~~;;:~~.~.~~~"""""""""""'"'"""""'". 
200 - 0""""""""""""" '" '"""""""""""' """""'"""'0 
\ 
\ 
~ 
o, , ,,,. , ,,,,., ,,.,., .. :! 
10 10 30 <f) 50 w 70 80 90 0 10 10 30 
PRE-INCUBAT ION POST-INCUBATION 
• • M I N U T E· S • • 
F IG. 2: Each fraction and the 1:1 mixture of the 
50,000 x g supernatant and precipitate were incubated 
with 28 mM mercaptoetha nol for 90 minutes to proceed 
the D-form to the 1-form conversion. After the 90 min-
utes incubation , 2.5 mM ATP, 10 mM Mg, and 0.33 
mM cyclic AMP were added to each mixture and the 
incubation was extended another 30 minutes to proceed 
the I to the D conversion . The total and the I-form of 
the glycogen synthetase activities were assayed as de-
scribed in the text. 
cent of the total glycogen synthetase which was in 
the I form increased from beginning values of 
about 25% to 80- 90% at the end of the incubation 
period . This demonstrates the presence of the 
phosphatase (glycogen syn thetase D phosphatase) 
in the 700 x g supernatant and in the 50,000 x g 
pellet. It therefore is closely associated with gly-
cogen and with glycogen synthetase. 
The post- incubation period is a further incuba-
tion in the presence of 100 mM fluor ide to inhibit 
the phosphatase and in the presence of Mg and 
ATP to allow the Kinase reaction converting the 
I to D forms to occur. The presence of the kinase 
is shown by a drop in the I form in relation to the 
total activity. The kinase activity is quite high in 
the 700 x g supernatant. It is not found in the 
50,000 x g pellet, but can be demonstrated if the 
50,000 x g pellet is added back to the 50,000 x g 
supernatant. (Fig. 2. Solid line with open circles.) 
This we interpret to mean that the kinase is not 
associated with the glycogen pellet, but is in the 
50,000 x g supernatant and can be demonstrated 
when its substrate (glycogen synthetase I form) 
which is present in the glycogen pellet is added 
back. 
5. The conversion of phosph01ylase b to the phos-
phorylase a 
The activated charcoal treated 700 x g super-
natant was centrifuged at 50,000 x g for 60 min-
utes and the conversion from the phosphorylase b 
to the phosphorylase a was studied in the super-
natant fraction. The results are shown in Table V. 
The phosphory lase activity was no longer demon-
strable in the 50,000 x g precipitate after the 
charcoal treatment. Although the conversion was 
a re latively slow reaction as compared to that of 
glycogen synthetase, it was demonstrab le in each 
test mixture provided ATP and Mg++ were 
TABLE V 
The 1.5 ml of 700 x g supernatant was treated with 
50 mg of the activated charcoal as described in the case 
of Table 4. After the charcoal treatment, the charcoal 
was removed by centrifuging the mixture at 700 x g for 
10 min in the cold and the clear supernatant charcoal 
free was centrifuged at 50,000 X g for 60 minutes in the 
cold. The supernatant obtained by this centrifugation 
was used for the conversion study. 2.5 mM ATP, 10 mM 
Mg, 0.33 mM cyclic AMP, 10 mM theophyll ine and 
their combinations were added to the supernatant and 
the incubations were carried out at 30° C. The phospho-
rylase activities were assayed as described in the text at 
0 time a nd each 60 minutes up to 3 hours. The activities 
are expressed as nmole per minute per mg protein. 
Conversion : Pt10sp!10ryla~e -h Ia Phosphoryl.ne ·a 
----------
60 min. !20 min. ISO min. 
5 AMP i. AM S AMP { AMP S AMP i. AMP S AMP (AMP 
JOmMMgw ( 0.001 J.J <0.001 J.J ( 0. 001 ld (0. 001 l . l 
2.~mMA1P ( 0.001 11 <0.001 ).) ( 0. 001 3. 1 <0.001 11 
2. 5 mM ATP, 10 mM M<J H ( 0.001 18 1.5 u 1.7 u 1.6 u 
2.5 mM AlP, 10 mM Mg 1-f ( 0.001 13 1.1 4.5 l.d 5.0 l.d H 
0. J3 mM cAMP 
2.5 mM ATP, \OmM Mg ""' ( 0.001 1 7 1.0 5. 0 1.1 4.9 1.1 u 
0. JJmM cAMP, \OrnM Theophy lli ne 
"' Phospllarylase ·a activity 10 1' z, 
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present. At the end of 3 hours incubation with 2.5 
roM ATP, 10 mM Mg in the presence of 28 mM 
mercaptoethanol at 30° C, approximately 24% of 
the phosphorylase activity was measured in the 
absence of AMP and presumably rep resents phos-
phorylase a. 0.33 mM cyclic AMP did not en-
hance this convers ion. Unlike the situation in the 
glycogen synthetase I kinase, the activation of the 
conversion reaction brought about by cyclic AMP 
is an indirect reaction through phosphorylase b 
kinase kinase. The control mixture with ATP 
alone or Mg a lone did not show any noticeab le 
conversion during thi s incubation period. 
Therefore it can be sa id that the convers ion 
from the phosphorylase b to phosphorylase a me-
diated by phosphorylase b kinase does occur in 
the soluble fraction. We cannot say whether it is 
in the precipitate or not since no phosphorylase 
activity was demonstrab le in the 50,000 x g 
pellet. 
We should like to thank Dr. F. Huijing for useful dis-
cussions, criticism and valuable help with the prepara-
tion of this manuscript. 
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